Rheumatoid arthritis (RA) is a form of arthritis in which the synovial tissues in the joints become inflamed. The search for the causes of RA has not led to any general agreement on the aetiology of RA (Fox, 1997) . While approximately 150 studies have found dietary influences on RA (Panush, 1997; Henderson & Panush, 1999) , the level of scientific methodology for most of the studies is such that generally they are not accepted by the medical establishment. Often the studies were performed on a small group of subjects without adequate case±control protocols. However, some studies did meet high scientific standards (for example, see Darlington et al. 1986; Kjeldsen-Kragh et al. 1991; Kavanagh et al. 1995; Kjeldsen-Kragh, 1999) . Even then, it appears that diet affects the severity of RA symptoms, rather than its prevalence. The most recent paper in this series, (Kjeldsen-Kragh, 1999) reported the results of a diet that started with fasting followed by a vegan diet for 3´5 months, after which milk, dairy products and glutencontaining foods were introduced one at a time, and again excluded if they exacerbated RA symptoms. While the diet was successful in reducing the symptoms of RA, the reason for the success was not reported.
Fat and meat
Dietary fat has often been implicated in RA symptoms (Cleland, 1991; James & Cleland, 1997) . Arachidonic acid, primarily synthesized from linoleic acid, but also found in small amounts in meat, is generally associated with inflammation through production of series 2 prostaglandins (Cleland, 1991; Erasmus, 1993; James & Cleland, 1997) . Excess linoleic acid from such sources as soyabeans and sunflower and maize oils (Erasmus, 1993) has been implicated in the symptoms of RA (Darlington & Gamlin, 1996) . However, the evidence that removing arachidonic and linoleic acids from the diet reduces RA symptoms is lacking (Darlington & Gamlin, 1996) . Also, RA incidence decreased in Rochester, MN, USA, from 1950 to 1975 (Linos et al. 1980 , even though linoleic acid consumption in the USA rose significantly during that period (Food and Agriculture Organization, 1991) .
n-3 Fatty acids such as eicosapentaenoic acid found in fish oil and a-linolenic acid found in some seeds (e.g. flaxseed and rapeseed oil), reduce inflammation and RA symptoms (DeLuca et al. 1995; Kremer, 1996; 2000; James & Cleland, 1997; James et al. 2000) . Dihomo-g-linolenic acid (20:3n-6), found in evening primrose (Denothera biennis), has a similar effect (Belch & Hill, 2000) . The effect of n-3 fatty acids on inflammatory diseases may be due to the decrease in such inflammation mediators as eicosanoids and cytokines (DeLuca et al. 1995; Enders & Von Schacky, 1996) . Shapiro et al. (1996) reported the results of case±control study that found baked or broiled fish to be associated with decreased risk of RA. The adjusted odds ratios for one to two or two or more servings of fish weekly compared with less than one serving weekly were 0´78 (95 % CI 0´53, 1´14) and 0´57 (95 % CI 0´35, 0´93) respectively. Assuming that one serving of fish is 120 g, this amount would equate to 20 g (752 kJ) fish oil per serving. Thus, reasonably large amounts of fish oil seem to be required to have an effect. These results were presented in support of the hypothesis that n-3 fatty acids could help prevent RA. James & Cleland (1997) make the case that dietary changes that increase the intake of n-3 fatty acids and reduce the intake of n-6 fatty acids can lead to both improvements in disease status and a reduction in the need for pharmaceutical drugs. Cleland & James (1997) also suggest that n-9 fatty acids (monounsaturated fatty acids, such as oleic acid found in olive oil), can be used to displace V-6 fatty acids from the diet.
Oxidative stress from free radicals attacking the synovial tissues is also involved in the expression of RA. Fe can be involved, leading to the increased generation of the hydroxyl radical (Mapp et al. 1995) . Note that subjects who develop Alzheimer's disease often have elevated levels of transition metal ions in their brains, attributed to diets rich in acid-forming foods and high in energy intake (Grant, 1997 (Grant, , 1999a , and that Alzheimer's disease is linked to oxidative stress, including inflammation (Grant, 1997; Smith et al. 1997) . In early rheumatoid synovitis, the amount of synovial membrane ferritin has been significantly associated with the activity of the disease at the time of biopsy (Blake et al. 1984) . The authors conclude by stating that the use of multiple antioxidants would be helpful to relieve the discomfort of RA, among other approaches. This theory finds supports in part by Fernandes & Jolly (1998) , who point out that energy restriction can reduce the production of reactive oxygen species.
The effectiveness of non-steroidal anti-inflammatory drugs seems to be related to their ability to prevent arachidonic acid from being metabolized to biologicallyactive eicosanoids (prostaglandins, thromboxanes and leukotrienes) by blocking cyclo-oxygenase activity (Cleland, 1991; McMillan et al. 1995) .
To the extent that oxidative stress is involved in RA, increased intake of dietary or supplementary antioxidants should improve the status of those subjects with RA. Indeed, Helio Èvaara et al. (1994) found a low dietary antioxidant level to be a risk factor for RA. Hansen et al. (1998) found that those subjects with RA who increased their intake of fish and antioxidants reported improvement in the duration of morning stiffness, the number of swollen joints, the pain status and a reduced cost of medicine, while the doctors' global assessment, laboratory data, X-ray and the daily activities were unaltered.
Meat has been suggested as a possible contributing factor for RA in a number of studies. Sko Èldstam (1986) reported that of twenty Swedish RA patients put on a vegan diet for 3±4 months (seven used one to two cups of sour milk for breakfast), twelve reported improvement, five no change and three deterioration. Buchanan & Laurent (1990) point out that high-protein high-saturated-fat diets are implicated in the aetiology of RA. Kjeldsen-Kragh et al. (1991) found statistically significant improvement of RA symptoms among thirty-four patients who completed a 1-year vegetarian diet (P , 0´02±0´0001 for twelve tests). They also found improvement in disease status among diet responders in the second year of the study (Kjeldsen-Kragh et al. 1994) . Garrett et al. (1993) reported that red meats are linked to worsened symptoms of RA. Kavanagh et al. (1995) reported that five of eleven RA patients who reported dietary exacerbation of RA symptoms, of twentyfour originally participating in the study (eleven dropped out between the 8th and 24th week), named red meat as the offending factor; no other factor was associated with more than four affected patients. Nenonen et al. (1998) reported that uncooked lactobacilli-rich vegan food decreased subjective symptoms of RA. A recent study by KjeldsenKragh (1999) also showed that for all clinical variables and most laboratory variables measured, the twenty-seven patients in the fasting and vegetarian groups improved significantly (P,0´02±0´0001) compared with the twentysix patients in the control group.
Ecological studies
In order to further investigate the link between meat consumption and RA, an ecological approach was used. In this approach a measure of disease at the national level is compared statistically with various components of national consumer food supply for a number of countries. This approach has been used to establish dietary links for several diseases: breast cancer with dietary fat early in life (Sasaki et al. 1993) ; colon cancer with animal fat as a risk factor (Armstrong & Doll, 1975) ; vegetable products as riskreduction factors (Grant, 1999b ); Alzheimer's disease with total energy and fat as the risk factors and fish and cereals as the risk-reduction factors (Grant, 1997) . The ecological approach has also been used to confirm the results of other epidemiological studies. For example, Grant (1999b) used the ecological approach to examine the role of the non-fat portion of milk (risk factor) and tomatoes (risk-reduction factor) in the aetiology of prostate cancer as found by cohort studies (Giovannucci et al. 1998; Giovannucci, 1999) . Grant (1999d) also found that milk protein had a positive correlation with hip fracture rates in thirteen countries, in general agreement with Feskanich et al. (1997) who reported that consumption of milk by women did not protect against hip fractures. The ecological approach must be applied carefully since both dietary risk and risk-reduction factors influence the outcomes, and since other non-dietary factors may be involved. It is important to include a large number of dietary factors and to carefully qualify the epidemiological data used in the analysis in order to obtain the best results.
The RA prevalence data-set used is taken from Silman & Hochberg (1993) . This reference has a compilation of approximately fifty RA prevalence study results from African, Asian, European, North American and other populations. The criteria for inclusion in this multi-country analysis are given in Table 1 . The countries that satisfy these criteria are shown in Table 2 , along with the RA prevalence, the estimated year of the data collection and the reference.
For the dietary data, components of national dietary supply were derived from the FAO Food Balance Sheets The time delay between changes in consumption of particular foods and the development of chronic disease is an important consideration. For breast cancer it is the diet 10±20 years before incidence or mortality that appears to be most important (Sasaki et al. 1993) . For Alzheimer's disease it is the diet near the time of development that seems to be most important (Grant, 1997; Smith et al. 1997) . For RA the dietary supply values from 0, 2 and 4 years before the assumed dates for the RA prevalence studies were used in the analyses.
The statistical results are given in Table 3 and Fig. 1 for the period 2±4 years before the actual or assumed study data. Note that the 2-year delay results are slightly better than the 4-year delay results. In multiple linear regressions with any of the other components tested, meat and offal (termed meat) or meat fat always had the highest statistical significance. Meat fat comprised 58±81 % (mean 73 %) of meat energy for the countries used in the analysis. Other dietary components, such as fish, milk, sweeteners and vegetable oils, did not yield statistical results as good as that for animal fat relative to total energy. The question always arises in such multi-country analyses as to whether countries with very different lifestyles, diets, medical systems etc., should be considered together in the analysis. Thus, for example, in the Alzheimer's disease study (Grant, 1997 (Grant, , 1999a , the inclusion of African and Asian countries in the analysis was questioned. When these countries were removed, leaving just seven European and North American countries, a stronger result was found, i.e. a multiple linear regression of total fat (high risk) and fish (risk reduction). Also, in IHD (Grant, 1998) and prostate cancer (Grant, 1999c) studies additional support for the dietary links was found by performing the statistical analyses on geopolitical groups of countries. For the RA study the approach taken was to reanalyse the data after the deletion of several countries with low dietary meat supply values, then look for the set of countries with the highest statistical correlation with RA Fig. 1 . Statistical results for rheumatoid arthritis prevalence v. meat and offal fat relative to total energy for female subjects from eight countries. r 2 0´877, P , 0´01. prevalence. The countries removed as a result were primarily non-European countries (New Zealand and the USA remained), and two European countries with low meat consumption at the time of the study were also removed. Thus, all countries with a meat consumption of less than 1388 kJ (140 g)/person per d were removed. The statistical results for this set of eight countries are given in Table 3 and Fig. 1 . Note that while the relative importance of the various dietary components was little changed, the correlation with RA prevalence increased dramatically. These data also indicate that the zero RA prevalence corresponds to a meat consumption of 803´3 kJ/person per d instead of 531 kJ/person per d when all fifteen countries are included in the analysis.
Temporal variations of diet and rheumatoid arthritis indices
There is another way to investigate whether meat or meat fat are associated with RA prevalence. Leistner et al. (1986) reported on such factors as sickness incapacity from work and hospital discharges for RA for the population of eight European countries for the period 1968±78. This period was long enough after the second World War that the infrastructure in Europe had been rebuilt and the buildings replaced such that prosperity was returning to the entire region and the population could spend more on food. The primary way this increased spending power was manifested in the diet was to add meat and reduce cereals and grains. The statistical analysis of time series data for each country was done using data from Tables 1 (sickness incapacity for work) and 2 (hospital discharges) of Leistner et al. (1986) . Data for each year were compared for dietary supply data and also for each year, but with a lag between diet and RA of 0, 2 or 4 years. Since cereals, fish, meat and meat fat were the main components changing, the analysis was centred on these variables. The results are shown in Table 4 for sickness incapacity for work. It was found that meat or meat fat, with an interval of from 0 to 4 years before the data, were statistically significantly associated with RA symptoms. In addition, the zero disease index intercept was in the range from 215 to 1007 kJ/person per d. While the rigor of the temporal analysis is less than that of the geographical analysis, and could not stand alone, it does support the geographical analysis.
Note that the results for Finland are based on values that include only subjects with a sickness incapacity of 7 d duration or longer. The data have a much lower incapacity rate (eleven to thirty persons per 1000 insured persons) than those for the Eastern European countries (61±143 persons per 1000 insured persons). The results show a slow down in the rate of RA increase above a meat energy level of 1672 kJ.
Discussion
Comments on the possible role of meat in the aetiology of rheumatoid arthritis
Since meat and meat fat have been found to have the highest dietary links to RA symptoms, it is worthwhile to try to identify the possible agent. Meat fat is a component likely to be responsible. However, meat fat has approximately the same lipid profile as dairy fat (Erasmus, 1993) . While milk has been implicated as an exacerbating agent in inflammatory arthritis (Panush et al. 1986 ), milk, milk fat and animal fat were not found to be important factors in the analysis leading to the data in Table 3 . This result suggests that meat fat may not be the primary agent giving rise to RA symptoms. Another possible agent in meat is nitrite. As pointed out by Lauer (1991) , nitrite appeared in meat in Germany in the mid-nineteenth century. Saltpetre had been added to meat from about 1700, but sugar, which converts nitrate to nitrite, was added as early as 1825. RA was not common in antiquity (Roberts & Manchester, 1997) . There was a rapid rise in the prevalence of RA in the midnineteenth century (Lauer, 1991) . Increased concentrations of nitrate, nitrite and NO have been found in the serum and synovial fluid or urine of subjects with RA (Wigand et al. 1997 ). There appears to be no evidence that dietary nitrite leads to increased nitrite in the urine (Lee et al. 1986) . However, there is evidence that subjects with RA have increased NO synthesis (Farrell et al. 1992 ). The two results may not be in conflict. A study in Finland found that cured meats were the primary source of 5´3 mg nitrite/d in the diet (Dich et al. 1996) . The authors also reported that farmers consumed less nitrite than did white-collar workers and workers in industry. If increased dietary nitrite does lead to increased NO synthesis, it would support the role of nitrite in meat in the expression of RA symptoms. This finding could explain why urban dwellers in African populations generally have about twice the RA prevalence of those living in rural areas (Silman & Hochberg, 1993) . Since most of the population eat the same diet as those who suffer from RA, yet do not themselves have RA, and since dietary manipulation seems to reduce the symptoms of RA without curing it, there must be something in addition to the diet that gives rise to RA. It could be infection. For example, increases in serum antibodies have been found in subjects with RA (Chou et al. 1998) . However, diet could still be related to the aetiology of RA. For example, animal products lead to different intestinal fauna and flora than do vegetable products (for a discussion, see Kjeldsen-Kragh, 1999 ). In addition, meat could also be involved in another way if nitrite is involved in the aetiology and not just in the severity of symptoms. It could also be that other components of meat could also be involved in the aetiology of RA.
Conclusion
The primary finding of the literature review and statistical analyses is that meat and offal may be a major risk factor for the expression of RA. The fats may contribute through inflammation or free radical production. However, since the lipid profiles of meat and dairy fatty acids are similar, and dairy fat is not found to be associated with RA symptoms, the fatty acids may not play as much of a role as has been generally thought. Nitrite is another possible agent that could lead to increased inflammation. The Fe in meat may also contribute by acting as a catalyst to increase the production of free radicals. Finally, other components in meat may also be involved. Since the ecological approach is considered to be useful for developing hypothesis, it is hoped that the results presented here will lead to further case±control and clinical studies to investigate the aeitiology of RA and the possible role of meat.
